SA feh 7

JOHN F.KENNEDY =
SPACE CENTER | |
N64-263¢3

(ode-t  (atsfO

Tpon, IvX-57855

foe
) .

ava

ENGINEERING REPORT

— APOLLO COMMAND MODULE ACCESS ARMS
SATURN IB

LAUNCH COMPLEXES 34 AND 37

XEROX
MICROFIL







ENGINEERING REPORT
APOLLO COMMAND MODULE ACCESS ARMS
SATURN IB

LAUNCH COMPLEXES 34 AND 37

May 15, 1964

K -~DE2, Mr. E, E, Chapple






117 sjaed Alquassy [duerd [0I3U0")

3

= — - T

i Ty

MG
TANT Vst

JET N 25
- in s €5,
[ - SRS E
s
. Tes
P a5
! - B 2
! voimrae < Tes T
E _ “imacsing e - oo
gy 70 roprm axia . ! eriarer - ,occe »
P 02w w5 E ! . w omisive el 2
Fuas e wdri0 hST I T > ez ro
Py 1 Comersise wa v ~ececim e
e 7o 2 ovon wsid ! serans 4 et el se
s S e . ) i FE s AN S,
w1 1w [T EIPPE ! wriamn | srezm o
oraei e <o ascl { . ph s aver oL i
1 Lavses P ! | )
e ey . f C TR T ' i . - .
N MM L IVIHE ZELEN® vs oier si
st M e et T e T EEa : " stcaroe simimets :
o . R S : i : L wriarte s 1dumt .
croves’ T e 20 i : . B R
N T o B rews Trl oemmrws e
o . IO . $od . i .
x s s Bl T oRowe hse” ) i
' . - P S - . |
sroimes < vy zowe” | P !
[ . R I jgd , . h
; e 1620 Wiy
S — R PR P Wi hidd o . '
k7w o5 vvrwz 3ivre prrerer
Ve P S 44 . ; 4 NN
. y 7oz zume o oces 4 Ehitlaiiabinkd -7 i N . T !
ANIRTIM TR TERA 0 0iP0 i3, ¥ H LN TR s
[ — — q ' .t
N wviarrow v symg garwe| (o] 7 roszrorg] e | PRy o
DU — S sl gt + o ' . ST
iov ewere oa| [] 1 o290 wiir e oo v
‘ " . f . - R .
T ! % I 1 " LEFPIYY 2%
' PO .t DG B . N . B S LA
o0 3 25 yoii oM 3
ey . . JO
sl i PRy N O i | ”
—_— N [ e - . . S G L
e IRNE - OS5Iy 7ATe Forsomsw 50
S e —+ st - S . . .
(23 B 5 “yws a5y wegis 300200
[ U FRR e 4 ——r 1 — B + LT
z a0 “ oo RGN w
PR i 4 e ] — R
e T ST wr2ra7Y +92 907 300 4
s © 3 X L owasezws paren 20LEETINIE (3
e o I I U 2 anwnme " wrirs oxsesoa]  oc
i’ o » e T or| 7] T ' I
e B 3 T TR aNFA LTCHs LR t3
of € |~ 3 ’ 2373 T c#re Sl w]
; ox| Vs % Gn& wown| |v) DELIET M P
— & . . - t PR - } —
; ' s LR v Tpoms wssr i) |7 EZE L
boe o . _
arre sl wi| |2 » - rarows | s A tvoms e 0 Be-cezsomsir” 1o
- T T ! T 7o ”» Fwencs osse 2zl |7 R I3
- s gl S -
' Jirv owans » | s ecnomrar] 1] wriaver wazrcn| [ 2 PEYTE™
4 — .
M . o 4 oz JELIIEN
—+ - . ' - Py
] = o voo- wawowu| 130 [ \ecveEsesw
i rii ol oF P » | [prosorrne :
LSSy NIEOL B I wzazs| (2] [ ] [erecsira 0

Pl
v aTA o e

i o T )

cEn - .

i £

DILPAINIT SIAVAGING D DI WWYIan HOs 2

FEOSC WSLY mia SENi4itd TIHLSA/
J317123a§ IS MEIMLO SSIWT
$3i0v

wias! T T i o
: EEEAN .\‘o 1%“* e Y\\U\Q!\“ .!F»
) yoere” 2 Ve e g0
! umt T werrecasw a0l
- ) wrssizs &' eeeswsean’ ;
v sreg 1T i !
N w1200 T eazeiem| ;
PN SR i S
I .o
£l wwsviors
TSN T saasesmt "
Tlerl T mwsseazsaT e
T T e e e
AR
o irow v ryiear! i0
) T N e T2 ;Ak-H 2
o ! : rre st TR T ey T
' . : wress 5 eszigen oz
' ! wres: s F-OPRSESH) 121
' ur 00 5 T geem) Tan
! J‘A&NQMJ e @ PROIE SN £
) w367 yerm |2 PO “aciescaasm|
.\v\! LM SATA FIW T : BL/00 a5L8 g2/
Coa ey N%MMT PR "1 Yavssowser| o
Wlb N o8 ) [oswws| 1oz
IS ASSY TR paro msia| @
| lemswsascy 7oV |« e mscal e
— it Assy 390v3| |/ & o [oF
o X I - wTws ASSY 300 [ [} poacrmc] &
, [ pexonsa| &
L baxoamc ol
‘ R ASEY IRV ’ e e #E
i v casswears] 1] eewcamal  |so
: e X PR | T lemwoma] el
' L, ssov 390 " eavond oo
| A Yoz o ww | Jorommw] e
! Vsl asor e e
I F A e AR Bo swzmoy,  jow]
! : "5 2 I e MIFE e (18
“ o Orm FwmN | . ozors e, |ab]
| . —







ABSTRACT

Design studies beyond those documented in two publications so
designated, a philosophy and criteria publication, two mamoranda, and
a preliminary engineering report have led to modifications and refinements
shown in this engineering report. All prior reports ( cited ) are
superseded by the present report.

The Basic Truss and the Spacer Trusses are made of aluminum
and have the same cross section. The difference between the arm for
Complex 34 and the arm for Complex 37 lies primarily in the difference
in the Spacer Trusses.

Fiber glass, once proposed for the Environmental Chamber, has
been rejected in favor of aluminum. Alum:num structural shapes, plate,
and sheet were selected because they lend themselves to precise analysis
and routine fabrication; other factors considered were the comparative
weight and ease of modification of aluminum structures.

The hydraulic rotary actuator used on Complexes 34 and 37 is of
the vane type, weighs approximately 600 pounds, and is mounted in pairs
in tandem (shaft centerlines co-linear). There is no direct connection
between the actuator shafts; however, spur gears on the shafts transfer
torque to hinge gears which are mounted on a common framework.

The service structure for Complex 37 is equipped with silo gates
and work platforms for the swing arms; the service structure for Complex
34 has no silo gates, but is furnished with enclosed adjustable work plat-

forms. Both service structures are mobile.






Reasons for the sequence of operation are given in Section II of
this report. The Access Platform, its purpose, construction, and its
relationship with the Access Arm and the Umbilical Tower are presented
is Section III. The Access Arm and its components, the Basic Truss
and the Spacer Trusses are discussed in Sections V and VI. The Environ-
mental Chamber, its components and equipment are described in Section
VII. Handling an;l erection are presented in Section VIII. The Hydraulic-
Pneumatic System is presented in Section XIII. Schecules are shown in

Appendix A, and calculations are given in Appendix B.
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SOURCES OF INFORMA TION

The information used to develop the Apollo Access Arm design
philosophy and criteria was obtained from several sources; the bulk of
this information was derived from the preliminary design studies; from
meetings within the Kennedy Space Center; from correspondence with
KSC, Cape Kennedy; from the Manned Spacecraft Center, and from discussions
with NASA contractors.

The engineering group which developed the philosophy and criteria for
the Saturn V Access and Service arms provided information which was
used in the preliminary design studies.

North American Aviation (NAA) furnished information and drawings
on which the present documentation (Apollo Spacecraft Configuration and

Nomenclature) was based. See Figure 3.

iv






SUMMARY

Operating Philosophy and Criteria established for the Apollo
Access Arm have led to six previous publications, including a progress
report and two memoranda. These reports were the culmination of
intensive design studies which were undertaken by the Launch Equipment
Branch of Launch Support Equipment Engineering Division, Kennedy
Space Center, Huntsville, Alabama.

This publication, the seventh of this series, is an Engineering
Report entitled, "Apollo Command Module Access Arms, Saturn IB,
Launch Complexes 34 and 37.'" Marked evolutionary changes can be
seen in the design by comparing the documentation.

The Umbilical Tower provides access to the Arm, and accommo-
dates the service lines, hydraulic control panel, accumulator stand, and
associated equipment. The Tower also provides a mounting base for the
tower crane which is used to erect the Access Platforms, the Arm, and
related equipment. The Access Platform and the Arm are mounted on
the tower corner column nearest the vehicle.

The Access Platform provides access from the Tower to the
Access Arm. This platform level is between two tower floor levels, so
an access stairway is incorporated to reach the nearer tower level which
is approximately four feet above.

Final design calls for two hydraulic rotary actuators in tandem.

These actuators drive spur gears which, in turn, drive hinge gears.






The hinge gears are connected through a hinge assembly structure.
The space between the actuators is occupied by hydraulic tubing and a
cam-plate, and a cam-operated valve.

Torque requirements for the Arm are being met through the
use of hydraulic rotary actuators supplied with hydraulic fluid at a
pressure of 1500 psi to produce a torque output of 210, 000 1b-in each;
this output is then multiplied by the gear ratio of 2.3 to 1 for a total
torque output of 980, 000 lb-in.

The Basic Arm Truss is constructed of tubular aluminum members
connected at each joint by riveting to an aluminum casting. Two hinge
plates in a hinge assembly at the tower end of the Basic Truss are bolted
to the truss; each of these plates carries a gear which mates with the
spur gear of each hydraulic rotary actuator.

The Spacer Truss is made of the same materials as the Basic
Arm Truss, and its cross section is the same. The spacer trusses for
Complex 34 and Complex 37 are not identical due to a difference in angular
location of the umbilical tower relative to Fin I of the vehicle. The
Spacer Truss is connected to both the Basic Arm Truss and the Environ-
mental Chamber by bolting.

The Environmental Chamber consists of a structural aluminum
framework and a double-wall sheet aluminum enclosure. A pneumatically
operated Extension Platform, an extension platform bellows, and an
Adapter Hood provide a pressurized access from the Environmental

Chamber to the Command Module. The atmosphere within the Chamber






and Adapter is maintained at a positive pressure of 2 inches of water
(0.075psi). This helps to maintain a clean environment inside the
Command Module.

The Adapter Positioning Mechanism is a self-sensing device
which seeks and latches onto the Launch Escape System Tower legs,
and follows vehicle movement continuously in three dimensions while
preserving the seal between the Command Module hatch perimeter area

and the Adapter Hood of the Environmental Chamber.






INTRODUCTION

This engineering report presents the final design for the Apollo Access
Arm for Saturn IB vehicles (Complexes 34 and 37), based on the preliminary
design studies. The final design incorporates all of the approved design input
as obtained from the sources listed under "Sources of Information."

The purpose of this report is to acquaint Kennedy Space Center (KSC)
personnel, Manned Spacecraft Center (MSC) personnel, and the stage contractor
with the final design; to serve as a guide to the over-all engineering effort, and
to document the engineering proceedings.

The preliminary design study for the Apollo Access Arm was originated by
KSC in May, 1962, On February 20, 1963, a criteria and philosophy text was
published to serve as a progress report up to that time. On April 2, 1963, a
revised edition (issue number 2) was released; on April 7, 1963 an informal
memorandum was released to supplement issue number 2. On August 5, 1963
a Preliminary Engineering Report on the Apollo Command Module Access Arm
was issued; this report contained information on the Apollo Access Arm for
Saturn IB, Complexes 34 and 37. On October, 18, 1963 a formal memorandum
incorporating information from the Minutes of Firing Accessories and
Mechanical GSE Sub-panel Meeting, September 10, 1963 at Downey California
was released.

The Access Arm provides ingress to and egress from the Command
Module through an environmental enclosure which compensates for

differential movement between the vehicle and the Umbilical Tower. This






function, the minimum requirement for the Access Arm, is accomplished

without exerting excessive force on the Command Module.

This report includes final design criteria, documents design features,
and furnishes engineering drawings in support of the text. The major arm
components are discussed, and the erection and operation of the Arm are
described.

All prior reports, cited above, are superseded by the present
report.

The following divisions are made, by section, of the subject matter
to facilitate treatment.

Section I contains operating philosophy and criteria.

Section II discusses sequence of operation.

Section III discusses the Access Platforms.

Section IV describes the Actuating Assembly

Section V describes the Access Arm Basic Truss.

Section VI describes the Access Arm Spacer Trusses.

Section VII describes the Environmental Chamber.

Section VIII discusses erection of major components.

Section IX describes the Latch-back Assembly

Section X describes the Control Console.
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HARDWARE DESIGN CRITERIA
STATIC AND DYNAMIC CONSIDERATIONS

HORIZONTAL MOTION

CONDITION Total Time Frequency Excursion Limit | Max. Displ. Rad.
Dynamic 6 hrs. 0.8 cps = 10"
Static + 40"
VERTICAL MOTION
CONDITION Expansion Contraction Misalignment
Dynamic 1. 10" 10. 05"
Static + 3. 00"
CLOCKING
Condition Angular Displ.
Static £ 2.5°

Table 1

11






platform length) the data shown are for LC 39.

1-7. VEHICLE EXPANSION AND CONTRACTION, VERTICAL

1-8. The same table gives the hardware criteria for the elevation changes

of the spacecraft in inches due to the temperature changes, propellant loading,
and pressurization of the vehicle stages. Temperature changes are due to
solar heating, and to cooling by cryogenic propellants; loading changes are
caused by the weight of the propellants. Pressurization changes are due to

the pressurization of the propellant tanks. Total vertical deflection is indicated

for each condition.

1-9. DESIGN LOADING CRITERIA

1-10. The loading criteria for the Access Arm are based on the following
assumptions: Five men are in the Environmental Chamber (EC); three of
these men are on the extension platform; each man is assumed to weigh 250
pounds. See paragraph 1-13 for wind load criteria. Total live load is 1250

1bs.

1-11. LAUNCH PAD WIND ENVIRONMENT

1-12. Wind data used for the Saturn IB Block II vehicles, Launch Complexes

34 and 37, launch pad (ground) wind environment is as indicated in

paragraph 1-14,

12






1-13. VEHICLE LAUNCH CONDITIONS

1-14. The following ground wind speed envelope values are to be used
for the Saturn IB, Block II vehicles, under launch conditions:

Ground Wind Speed Envelope

95% Probability of Occurrence

Cape Kennedy, Florida

Height Above Ground Level Steady Wind* Peak Wind#s*
Feet Knots Knots
Complex 34 220 26. 4 37.1
Complex 37 228 26.6 37.3

1-15. On LC 34, during a hurricane alert, the Access Arm must be
retracted and secured to the umbilical tower. In order to prevent ex-
cessive loads being applied to the tower, the Environmental Chamber

must also be removed from the Arm (Figure 2).

*Steady State Wind: Average wind speed over a period of

one minute.

......

applied to Steady State Wind magnitude.

13
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SECTION II

SEQUENCE OF OPERATIONS - LAUNCH COMPLEXES 34 AND 37

2-1. GENERAL
2-2. It was noted in Section I that entry to the Apollo Command Module

must be made through an environmentally controlled atmosphere to main-

tain capsule (CM) cleanliness and to control temperature. Since the service

structure does not contain a clean room, the services of the Access Arm
and the service structure are required simultaneously. This factor in-
fluences the sequence of operations, which is presented along with per-
tinent explanations in the following paragraphs.

2-3, After erection of the Access Arm on LC 34, it will be extended
from the tower, (with the extension platform retracted) approximating

its nominal position before the service structure is moved into position
at the pad. This positioning of the Arm is necessary to prevent inter -
ference between the service structure and the Arm during Arm extension.
On LC 37, the silo gate may be opened to prevent interference with the
Arm. After the Access Arm has been rotated into this position, the
service structure is brought into a pre-determined location on the pad.
The position of the Access Arm is adjusted to provide passing clearance
if necessary. The crane on the service structure is now used to erect
the lower vehicle stages. Next, the spacecraft (Command Module) is
mounted on the vehicle along with the Service Module (SM) as a unit.

The differencesas well as the similarities between the service structures
for Complex 34 and Complex 37 are primarily in configuration rather than

in function.






When erection of the spacecraft has been completed, the Access
Arm is moved to its nominal position against the spacecraft. The service
structure work platform at the CM level is then extended and locked. The
Extension Platform is extended; the Adapter Positioning Device (APD)
is latched onto the Launch Escape System (LES) tower legs, and the Adapter
Hood seal is lowered to the skin of the CM. During this first mating of the
Access Arm hardware to a particular vehicle, positioning adjustments are
made as necessary to ensure satisfactory subsequent automatic connect-
disconnect operations.

On Complex 37 it is necessary to rotate the arm beyond its nominal
position toward the vehicle in order to close the silo gates and to position
the work platform. Upon removal of the Complex 37 service structure,
the Arm is adjusted back to its nominal position.

2-4, A smooth-surface frame is provided around the Spacer Truss near
the end of the Basic Truss for both complexes. When the silo gates or
work platforms are extended and locked, their rubber bumpers contact
this surface on three sides of three sides «f the Spacer Truss. The
aperture through the work platform wall (or silo gate) on the fourth side
of the Truss is closed by inserting removable panels into the opening.

A removable mesh panel on the vehicle side of the Access Arm permits
service personnel entry to the Arm from the service structure, thus
providing a walkway from the service structure to the umbilical tower.
2-5. The shear panel covering the service door in the side of the EC

opposite the Arm is removed only when the service structure is in place;

16






access to the CM for checkout purposes is available either from the
umbilical tower or from the service structure. The CM hatch is removed
for full access to the capsule, and the air conditioning (AC) flexible duct
in the EC is inserted through the hatch opening. An in-line valve in the
AC duct within the EC is used to adjust the quantity of flow to the space-
craft requirements., All other spacecraft checkout supply requirements
are also provided from the Environmental Chamber via the hatch opening
by temporary lines (lines not provided as part of the Access Arm hard-
ware). These include electrical power service, monitoring equipment,
etc. Before removal of the service structure, all personnel leave the
EC; all dead loads are removed from the EC, and the extension platform
is fully retracted. This procedure is followed because the shear panel
(a structural element of the EC) covering the service door may not be
installed until the loading on the Chamber is reduced to the conditions
stipulated; after the EC loading conditions have been m=t, the panel

is installed.

2-6. The service structure is now removed, and cryogenic propellants

are loaded into the lower vehicle stages while the Access Arm is in position

at the spacecraft; at approximately T-60 minutes the astronauts board the
CM, the air conditioning duct is manually separated from the capsule, but
air flow is not shut off, and the hatch is closed.

The internal hatch is closed by the on-board astronauts and the

external hatch is secured by the two assisting ground personnel. CM

leak-check and other checkout operations are performed by the ground

personnel from the EC before closing the external hatch. These personnel

17






evacuate the area at approximately T-30 minutes.

A fabric door, or membrane, is installed prior to this time in the
extremity of the Adapter Hood immediately adjacent to the CM outer hatch.
Upon the installation of the door, the EC-mounted television monitor camera
is deprived of its view f the CM hatch area (Figure 12 ).

2-7. The access Arm is disconnected and retracted from the spacecraft

at approximately T-30 minutes. Rotation of the Arm away from the

vehicle closes the abort circuit for the LES through the tower-hinge-mounted
switches to give blockhouse control to the abort system , since the LES
cannot be fired with the Arm attached to the vehicle. Rotation from the
extended position to the retracted position, or subsequent emergency re-
extension for astronaut egress will be accomplished in 30 seconds. A

device actuated by vehicle lift-off signal will automatically lock the Access
Arm in the retracted position against the umbilical tower. Emergency
re-extension of the Arm will again open the abort firing circuit when the

EC is positioned adjacent to the CM.

2-8. The abort firing circuit is. designed to provide maximum safety to

the astronauts and their capsule. During any period when the Arm is

fully extended such that the Adapter or the Adapter Positioning Mechanism
overhangs the CM, the two parallel open switches on the Arm hinge prevent
firing of the LES rockets. As soon as the external hatch is closed and the
assisting ground personnel have evacuated the area, the Arm is disconnected
and retracted from the vehicle at blockhouse command. First rotation of the

Arm from the vehicle closes the abort firing circuit for blockhouse control,

18






During any subsequent position of Arm retraction, or Arm extension up
to the critical point of CM overhang, the blockhouse may abort at will.
If the abort signal is given when the Arm is connected to the CM, the
Arm will immediately begin its normal disconnect and rotation, and upon
achievement of the minimum clearance, the abort system will fire. This
sequence will take approximately five seconds. If the abort signal is
given during a period when the Arm is rotating towards the vehicle during
its last few degrees of movement such as to overhang the CM, or during
a connect phase of operation, the signal will reverse operation, rotate
the Arm clear, and fire the LES rockets immediately when clearance
is obtained as indicated by closing of the hinge-mounted switches. D:zpen-
dent upon time of initiation of the abort signal, this sequence will take up to
five seconds. If the abort signal is given during an Arm disconnect operation,
the sequence of disconnect and Arm retraction will continue until clearance
is obtained at which time the LES rockets will fire automatically. This
time lag may also approach five seconds. The hinge-mounted switches in
the abort circuit are redundant in circuitry from the hinge area to the
blockhouse control panels for additional reliability.
2-9. The sequences of operation of the SM umbilical arm and the
Access Arm, and the fact that they rotate in opposite directions will
eliminate any possible operational interference between them.

If safety measures do not require the abort circuitry discussed
above, the over-all hardware mission will not be affected by the deletion

of this portion of the design,

19






The Access Arm will be ¢ ntrolled from the blockhouse after
service personnel descend the umbilical tower; however, provisions
will be made on the umbilical tower for overriding blockhouse control

manually,

Unless the astronauts are incapacitated, it is presumed that they
could egress without assistance; in case of incapacitation of the astronauts,
outside help is not immediately available.

See Figure 3 for Spacecraft Configuration and Nomenclature.

20
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SECTION III

ACCESS PLATFORMS

3-1. GENERAL
3-2. The purpose of the Complex 34 and Complex 37 Access Platforms

(Refer to Figure 4 ) is to afford an access route from the umbilical tower

to the Apollo Access Arm after arm erection as well as to provide a safe
working area during the erection and installation of the arm. The Platforms
are designed to facilitate the maintenance of the Arm and its related hard-
ware. FEach Platform is to be partially enclosed with permanent screens

on the west side, and with removable, collapsible handrails on the south

and east sides.

3-3, CONSTRUCTION

3-4, The Platforms are primarily of welded steel construction, with
safety-tread steel floor plate and corrugated aluminum roof deck. The fixed
safety screens are fabricated of steel wire mesh in a steel frame. The
removable, collapsible handrails are tubular steel frame weldments which
mate with stake sockets welded to the platform floor at intervals about the
floor perimeter. The Platform for Arm 4 and the Platform for the Apollo
Access Arm are designed as a structural unit; however, the Platform for
Arm 4 can be erected and used independently of the Apollo Access Arm,

and conversely. Support is given to the Access Platform by overhead

tension ties which are fastened to the mounting column. A part of the plat-

form roof deck is left open to provide clearance for the erection crane cables,
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pressure) past the vane in the locked position; the hydraulic leakage

through the bearing is specified to be less than 5 cc per minute at 1500 psi.
The proof pressure of the actuator is 4500 psi, and the burst pressure is
6000 psi. The actuator can be mounted in any position for efficient operation;
the two Apollo Access Arm actuators are mounted with their shafts vertical
and on a common center line. The recommended operating temperature
range is from 0°F. to 160°F.,

4-6. A cam=-actuated valve is installed between the two actuators; this valve
is in the hydraulic fluid return line and is actuated by the inclined-plane cam-
plate when the Access Arm is rotated.

4-7. The inclined-~plane cam-plate, made of stainless steel, is mounted
at the access arm hinge assembly; this cam-plate controls the cam-actuated
valve and provides smooth acceleration and deceleration of the Arm.

4-8. The steel backplate casting is attached to the umbilical tower corner
column; the arm assembly and the hydraulic rotary actuators attach to the
backplate. The umbilical tower corner column is inclined 2 degrees, 32

minutes from the vertical.

4-9. ELECTRIC LINES

4-10. The potentiometer is installed on top of the upper hinge pivot in a
purged box which is approximately 2 inches by 4 inches by 2 inches. The
function of the potentiometer is to provide a continuous readout of the arm

position in degrees (or other suitable indices) at the blockhouse.
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4-11. A fixed-focus, fixed-position television camera is installed inside
the EC. The cables serving this camera are routed across the Arm in the
cable tray.

4-12. A 60-pin electrical cable is provided to the EC, and is routed across
the Arm in the cable tray. Provision has been made in the cable tray for the
accommeodation of six coaxial cables.

4-13. Two abort control switches on the arm hinge (paragraphs 2-7 and
2-8) are redundantly wired from the arm hinge to the blockhouse to provide
a high degree of reliability.

4-14. Other electrical lines include an input-output signal line to the GOX
Module, an AC power line to the GOX Module, and a lighting and receptacle

line to the EC.
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SECTION V

BASIC TRUSS

5-1. GENERAL

5-2. The Access Arm (Figure 8 ) is an open truss fabricated of tubular
members; it will pivot on the corner of the umbilical tower nearest the
vehicle. The Basic Truss is used in conjunction with an extension or spacer
to adapt the basic design to various vehicle and Launch Complexes in the
SAT-IB system. This Arm will provide a horizontal passageway from a
tower platform tothe Environmental Chamber; a removable panel on the
vehicle side of the spacer will allow access from the service stucture work
platform to the Access Arm,

5-3. The Basic Truss (Figure 9 ) for the Apollo Access Arm is constructed
of 7075-T651 aluminum tubing members and is basically a riveted assembly.
The truss is 30 inches wide and 78 inches high, inside clear dimensions.
Woven aluminum mesh screening is installed on the sides of the access arm
to a height of 48 inches above the walking surface. The floor of the Arm

is constructed of aluminum open grating to reduce arm reaction to blast
force, and coated with aluminum oxide to provide a nonslip surface. Hand-
rails are provided 36 inches above the truss floor and welded to brackets
which are bolted to the vertical arm members. The purpose of the truss is
to provide structural support for the EC and a horizontal passageway from

the Apollo Access Platform to the Environmental Chamber.
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SECTION VI

SPACER TRUSS

6-1. GENERAL
6-2. Basic design for the Spacer Truss is similar for Complex 34

(Figure 17 ) and Complex 37 (Figure 11 ). The Spacer Truss will be
furnished with handrails and screening of the same kind as used for the
Basic Arm Truss; the floor is fabricated of aluminum tread plate. The
tubing sizes of the Spacer Truss are the same as those of the Basic Arm
Truss; the material used is also the same as that used in the Basic Arm
Truss (aluminum alloy). Each Spacer Truss will have four cast-aluminum
adapter fittings machined to the proper angle to permit bolting of the Spacer
Truss to the Environmental Chamber, and four fittings to attach to the
Basic Truss. All cast fittings are of aluminum alloy, and will be riveted
to the truss.

6-3. A service structure seal (Figure 10 ) is required on the Apollo
Access Arm for Complex 34 and for Complex 37. As seen in plan, this
seal crosses the longitudinal members of the trusses at a pronounced angle,
For each complex, the seal is located near the connection between the Basic

Truss and the Spacer Truss, on the Spacer Truss,

The purpose of the seal is to provide protection for the service structure plat-

form from wind, dust, salt spray, rain, and other contamination. The
service room formed by the elevator platforms on Complex 34 and by the

silo gates on Complex 37 is air conditioned for personnel comfort; the air
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furnished is clean, and dehumidified but not pressurized. The seal, there-
fore, is not required to maintain any pressure.

The Service Structure Seal frame is provided with openings for
the electrical cable tray, for the A/C duct, and with junctions for the
following lines: GNj (purge and actuation), GOX, and A/C. The line routing
across the Basic Truss is through rigid tubing which is connected by flexible
hose across the spacer to the Environmental Chamber., Flexible lines are
also used across the arm hinge to the umbilical tower, Electrical cables
are continuous and will not be in ducts or conduit since this arrangement
would require purging. A plywood door equipped with a small window
and fastened to the seal frame with two square-butt hinges is secured by a
rotary hand-latch. If it is required to hold this door open, nylon cord or

other tie-backs may be used.
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SECTION VII

ENVIRONMEZNTAL CHAMBER

7-1, GENERAL
7-2. The Environmental Chamber (EC) Figure 12 , is a ''"clean room"

at the vehicle end of the Apollo Access Arm. It is fabricated of aluminum
structural shapes, plate, sheet, and other lightweight materials to reduce

dead loads. The EC is of doublewall design with an external structural

framework (Figure 12 ); this arrangems=nt provides an unobstructed interior.

The space between the EC double wall is insulated with rigid foam plastic
which also imparts a degree of rigidity to the wall structure. The interior
of the Environmental Chamber is painted with a non-flaking white enamel.
The EC is considered to be an expendable item although the data obtained
from the SA-4 and SA-5 launches do not indicate a severe blast pressure
(or temperature) environment. The inside dimensions of the EC are: floor,
79 inches by 91 inches; ceiling height, 78 inches; it is mounted on the arm
so that the 91-~inch dimension is approximately parallel to the longitudinal
axis of the arm. The EC is designed to support a maximum live load of 5
man (1250 pounds) or equivalent weight resulting from a combination of dead
loads and live loads. Access Arm load factors used in conjunction with
structural design are based on the yield point of the material as follows:
live load, 3; dead load, 2; wind load, 2. The Access Arm lines to the EC
and CM consist of one 6-inch I.D, air-conditioning line, one 0. 75-inch
diameter oxygen line with a 1. 250-inch diameter jacket for water -glycol,

one 0.75-inch-diameter water-glycol coolant line, one 0. 250-inch, 50-psi
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Figure 12
Environmeantal Chamber
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purge line which terminates in two electrical boxes on the top and side of
the EC, and may be '"'teed' for other purge requiremsants; one 0.375-inch-
diameter, 750-psi GN} supply for actuators on the EC . (Note: the require-
ments for the Complex 39 EC are similar. )

In addition there will be a 0. 25-inch, 150-psi, He leak-test line, and a
0.375-inch O, sensing line. The air-conditioning duct from the tower to
the Command Module is carried through the EC on overhead suspension
brackets mounted on the wall, Other lines will be mounted on top of the
Environmental Chamber. See Section XV for a recapitulation of the lines.
7-3. A positive pressure of 2 inches of water (0. 075 psi) is maintained
inside the EC and the Extension-Platform Adapter-Hood passageway. This
internal pressure is great enough to hinder the opening or closing of a con-
ventionally hinged door; for this reason, the two-panel EC doors are de-
signed with a sliding portion to reduce this force and to facilitate the
operation of the hinged panel of the door; one panel of the doors is equipped
with a small window. The EC door on the service structure side of the EC
is covered externally by a shear door set into a frame and bolted into place
while no dead load or live load is in the EC. This shear panel is removed
for service access only, and is replaced when the EC is not enclosed in the
service structure.

7-4. A bellows-enclosed Extension Platform and an Adapter Hood with
a rubber contact seal complete the environmentally controlled passageway

to the Command Module.
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7-5. The Extension Platform consists of an extendable-retractable
floor suspended between two channel tracks beneath the EC floor. A
series of roller-bearing guide wheels mounted within the channel tracks
permit free movement of the platform floor in a direction toward or away
from (radial to) the vehicle, but no lateral movement. Some of the guide
wheels are arranged with their diametral planes parallel to the plane of
the floor; others are arranged with their diametral planes perpendicular
to the plane of the floor. Refer to Figure 12

A box frame superstructure made integral with the Extension
Platform floor carries the Adapter Positioning Mechanism and the Adapter
Hood. The passageway from the EC to the CM, formed by the Extension
Platform and Adapter Positioning Mechanism, maintains and extends the
environmental atmosphere of the EC by means of bellows-type closures.
The Adapter Hood has a soft rubber seal which makes contact with the CM
and preserves the ''clean room' atmosphere of the passageway.
7-6. The Adapter Positioning Mechanism is a pneumatic-mechanical
device for seeking, contacting and coupling to the Launch Escape System
tower legs. Refer to Figure 12 . It consists of a frame weldment sup-
ported on a roller system which rides on a flat track at the forward end,
and on a channel track at the aft (EC) end of the extension platform super-
structure. These horizontal tracks are elements of the extension platform
superstructure, and are arranged to allow lateral motion of the Adapter
Positioning Mechanism. Since this direction of motion is at right angles

to the extend-retract direction of motion of the Extension Platform,






complete freedom of movement of the positioning mechanism in a horizontal
plane is achieved., The flat track is designed to accommodate vertical loads
only, whereas the channel track accommodates thrust loads (from vehicle

to extension platform) as well as vertical loads. In addition to carrying

the pneumatically operated coupling hooks, the adapter positioning mach-
anism frame also carries the Adapter Hood. The Adapter Hood is mounted
to the Adapter Positioning Mechanism by vertical guide bars, and is main-
tained in contact with the vehicle by a force provided by a self-locking air
cylinder.

7-7. The Adapter Hood (refer to Figure 12 ) consists of a framework of
aluminum structural shapes enclosed in sheet aluminum; the Hood is con-
nected to the Adapter Positioning Mechanism through a pair of vertical

guide bars carrying two bushings each. The hood aperture is padded around
its perimeter with a soft rubber seal; constant pressure of the seal against
the CM is maintained by the 2-inch water head of the conditioned air supplied
to the EC. An approximate total force of 100 pounds will be distributed over
an access hatch peripheral area of 300 square inches, while maintaining a
minimum 2-inch clearance from the edge of the hatch about the

opening. This loading is well under the allowable 0.5 psi on the ablative
material which coats the CM skin, The Adapter Hood is equipped with an
internal folding door to maintain the pressure in the Environmental Chamber
when the Adapter is withdrawn from the CM. This door can be opened
either from the CM side or from the EC side. An additional door immediately

adjacent to the seal is of the membrane type; this door is equipped with






a quick-release cord.

7-8. Conditioned air will be furnished to the Chamber at a rate of
approximately 40 pounds per minute at 70 degrees F., to ensure a positive
pressure in the Chamber and to condition the Command Module as well;

the air conditioning {A/C) duct must pass through the CM access hatch to
provide circulation and cooling for the CM. Air flow will be maintained

by venting through a louvre in the end of the EC when air pressure in excess
of 2 inches of water (0. 075 psi) is reached. The space between the inner
and outer skins of the CM at the access hatch must be sealed in the event
that the GN purge pressure required by North American Aviation (NAA) for
the donut areais higher than the 0.075 psi inside the EC.

The above-atmospheric pressure in the Environmental Chamber is
designed to maintain a clean atmosphere in the EC and the Adapter. A
positive air pressure within the EC will cause an outward seepage of air
and prevent the inhalation of contaminated outside air.

Prior to closing the CM hatch, the air conditioning duct will be
withdrawn from the CM to the EC where it will continue to function. The
A/C duct will be fitted with a manually operated butterfly valve; this valve
will have a circular orifice in the center of its vane so that it may serve
as a flow restrictor rather than as an absolute cut off. It may be used to
adjust flow quantity to the CM and EC.

The air conditioning duct to the Environmental Chamber will be
mounted on the Access Arm. Sufficient hazard-proof lighting for nighttime

boarding by the astronauts will also be provided. (Lighting is required in

5¢






the .C at all times; two class I, group B, 150-watt light fixtures are pro-
vided. The same circuit supplies a hazard-proof wall plug in the EC.

The Arm is to be lighted by floodlights or spotlights located on the tower

column above the Arm).
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SECTION VIII

HANDLING AND ERECTION

8-1. GENERAL
8-2. The Apollo Access Arm will be erected with the aid of the umbilical
tower crane which is mounted on top of the tower. The capacity of the um-

bilical tower crane is 5000 pounds; since the weight of the Apollo Access
Arm and its accessories exceeds 15, 000 pounds, the arm must be raised
in segments (Figure 13 ).

8-3. The Access Platform, previously raised in 4 sections (Sections 1
and 4 as one unit) and bolted into place, will be used as a base of operations
for the erection of the Access Arm. Refer to Figure 14 for erection
details of the basic platform module, Section Number 1. The actuating
assembly (hinge plates, two actuators, and back plate) will be lifted as the
first unit, and bolted to the tower mounting column. The second unit

to be hoisted is the Basic Truss-Spacer Truss Assembly. The third, and
final unit to be erected is the Environmental Chamber and its components.
The weights of these units are as shown in the erection diagrams; the weight
of each unit lifted is well within the limits of the tower crane c¢apacity.

8-4. Spreader bars, strut bars, spacer bars, lifting lugs, are provided
as required. A special lifting rig has been devised for the EC, and other
special lifting rigs are in use for the hydraulic rotary actuators, trusses,
and the hinge assembly.

8-5. Figure 13 shows the EC lifting rig. The same spreader beam is
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used for erection (lifting), and handling (lifting with the shipping cradle
attached). The EC is shipped in the upright position when barge facilities
are utilized; however, the EC must be turned on one side for shipment by
rail. The shipping cradle (or transportation frame) is fabricated of 5-inch
junior beams; energy absorption pads of special design (made of rubber)
are provided at all mounting points.

8-6. The hydraulic rotary actuators (Rotacs), hinges and hinge gears

( the Actuating Assembly ) are shipped assembled, locked in the extended
position, and mounted on a shipping pad. This assembly is lowered onto
the highway trailer and hoisted from the trailer with the lift beam and cable
sling. The shipping pad must be removed at Atlantic Missile Range (AMR)
before the assembly can be mounted on the adapter J75M12586; the adapter
is mounted on the arm transporter (J75M12588) which, in turn, is mounted
on the handling dolly (MFR. NO. 5025-A, ELECTRIC WHEEL CO.).
Alternately, the assembly on its pad may be shipped directly to the Umbil -
ical Tower where the pad is removed prior to erection. The actuators and
hinge gears are not removed from the hinge arm assembly, but are erected
as a unit.

8-17. Figure 15 shows the Basic Truss and Spacer Truss being positioned
on the tower. The Basic Truss is bolted to the Hinge Actuator Assembly;

when attached, the basic arm may be swung into position for the mounting

of the EC.

8-8. The Latch-back assembly is mounted on the southeast side of the
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tower, and is adjusted by means of shim plates to its final position (Figure
18 ).
8-9. The Hydraulic Control Panel and the Accumulator Stand are shown
in Figure 21 in their relative positions on the umbilical tower. Both
include lifting lugs for ease of erection. See Figure 16 for Control Panel
erection. Figure 17 shows Accumulator Rack erection.
When the Access Arm is completely assembled, it may be moved

manually and checked by opening a manually controlled by-pass valve with-

out applying any force to the arm.
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To be supplied

Figure 16
Control Panel Erection
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SECTION IX

LATCH-BACK ASSEMBLY

9-1. GENERAL
9-2. During normal operation the blast support (Figure 18) does not
support the Access Arm; a clearance approaching 1/16 inch between the
arm and the support has been provided by means of a shim adjustment.
However, excessive blast loads resulting in an arm deflection of 1/16 inch
will cause the Arm to rest on the blast support. The blast support also
serves another function: it is used as a mounting for the Latch-back
mechanism.

The Latch-back mechanism is a pneumatic-cylinder-operated
hook. At vehicle launch the Lift-off Switch initiates a signal to operate
a solenoid-controlled pneumatic valve., When the valve opens,the Latch-
back cylinder is actuated, and the latch hook engages the lower longitudinal

arm truss member, securing the Arm against the bumper.
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SECTION X

CONTROL CONSOLE

10-1. GENERAL
10-2. The Control Panel Assembly (Figure 19 ) has supply connections
for 750 psi and 3000 psi pneumatic supply lines; for a 1500 psi hydraulic
supply line, and for a 50 psi nitrogen purge line. The panel outlets are:
a 750-psi pneumatic for the Latch-back Assembly; a 750-psi pneumatic to
operate the Environmental-Chamber-mounted vehicle connect system;
a 1500-psi pneumatic used in charging the Accumulator Assembly; a 1500-
psi vent; a 1500-psi hydraulic connection for arm extension and retraction
(one operates as a return); a hydraulic return, and a spare 750-psi pneu-
matic supply. Refer to Figure 24 . An internal junction box provides
connections for the electrical cable assemblies and for associated electrical
switches. The control panel cabinet is furnished with a vent diaphragm to
bleed excessive purge pressure within the cabinet. The panel is equipped
with access doors to facilitate servicing cabinet components.

The console is fitted with two external control handles, two
pneumatic shut-off controls ( 750 psi and 3000 psi ), and a pressure
readout dial. Sheet 4 of 4, Figure 19, shows the Apollo Access Arm

Blockhouse Panel (LCC Panel).
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SECTION XI

ACCUMULATOR STAND

11-1. GENERAL

11-2. The Accumulator Stand (Figure 27 ) is arranged on the tower floor
in relation to the Control Console as shown in Figure 21, The Accumulator
Stand is equipped with two 10-gallon hydraulic fluid accumulator cylinders,
and with two 2310-cubic-inch pneumatic accumulator cylinders. Through
inter-connecting lines a pressure of 1500 psi is maintained in the hydraulic
cylinders (for supply to the Control Panel) by the 1500 psi pneumatic pres-
sure of the pneumatic cylinders (supplied from the Control Panel). The
pressure in the pneumatic cylinders is controlled by a pressure regulator
and a relief valve mounted in the Control Panel; these cylinders are furnished
with a manually operated metering bleed (angle) valve.

The hydraulic cylinders are charged from a 1500 psi hydraulic supply
line. A level-sensor switch, equipped with a 50-psi N, purge line, in the top
of each hydraulic cylinder indicates when the cylinders are full by illuminating
a lamp. Two lamps in parallel in the indicator circuit obviate the possibility
of an "empty' reading should one lamp filament burn out.

Approximately 5. 0 gallons of hydraulic fluid is used from the cylinders

per one access arm extension or retraction (2.5 gallons per hydraulic actuator).
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SECTION XI1I

TOWER DISTRIBUTOR

12-1, GENERAL

12-2. The umbilical tower distributor box (57A25) is located 59 inches
from the centerline of the tower corner column., Its approximate outside
dimensions are: length, 100 inches; width, 18 inches; height, 90 inches.
This distributor carries two electric lines and one pneumatic line to
provide lighting, power, for the electrical equipment of the Apollo
Access Arm, the EC and the CM.

Associated with the UB distributor box is a crossover distributor
box whose approximate outside dimensions are: length, 72 inches; width,
24 inches, and height, 60 inches. One electric line goes from the cross-
over distributor box (57A15A13) to control panel (57A15) to provide signal
energy to open and close six valves and to operate the switches and a
transducer. See Figure 22 for electrical cable interconnect.

12-3. TEST SET
12-4. The Access Arm operational sequence can be controlled locally by
use of the Test Set (Figure 23 ), or remotely.

The valve condition and operational sequence for the retract cycle
and extend cycle are as follows:

RETRACT CYCLE

A. Valve condition prior to retract command :

(1) Hooks closing control valve N. C. deactuated

83
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(2) Hood down control valve N. C. deactuated

(3) Hooks open and APD and

hood up valve N. C. deactuated
(4) Platform extend control valve N. C. deactuated
(5) Platform retract control valve N. C. deactuated
(6) Ball valve retract control N.C. deactuated
(7) Ball valve extend control N.C. deactuated

(8) APD down
N.C. deactuated

B. Opcrational Sequence;

(1) Retract signal is given from automatic sequence or from
manual switch.

(2) Hooks open and APD and hood up control valve actuates
to open position. (Orificing controls speed of operation of all four cylinders).
Valve remains open until arm makes contact with arm retracted limit switch.

(3a) Platform retract control valve actuates to open position
from hood up limit switch and hooks open limit switch. Valve remains open
until power is off or extend command is given.

(3b) Ball valve retract control actuates to open position from
hooks open limit switch, Valve remains open until arm makes contact with
arm retracted limit switch,

(4) Arm retracted position leaves all valves in normal or
deactuated position except the platform retract control valve which is in the

open or actuated position until 30 seconds after vehicle lift - off.
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EXTEND CYCLE

A, Valve condition prior to extend command
(1) Hooks closing control valve N. C. deactuated
(2) Hood down control valve N.C, deactuated

(3) Hooks open and APD and

hood up valve N.C. deactuated
(4) Platform extend control

valve N.C. deactuated
(5) Platform retract control actuated to

valve N. C. open
(6) Ball valve retract control N. C. deactuated
(7) Ball valve extend control N.C. deactuated

(8) APD down and hooks closing
supply valve N. C. deactuated

B. Operational Sequence

(1) Extend signal is given from manual switch.

(2) Ball valve extend control actuates to open position if
hooks open, hood up and carriage up limit switches are actuated. Valve
stays actuated until APD up limit switch deactuates.

(3) Platform retract control valve deactuates to closed
position when the arm makes contact with arm extended limit switch, and
when APD is centered.

(4) Platform extend control valve actuates to open position
from the deactuation of the platform retract control valve. Valve stays

actuated until the hooks are closed.
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(5) APD down valve actuates to open position when vehicle
contact is made. Valve stays actuated until the hooks are closed.

(6) Hooks closing control valve actuates when APD is in
correct relation with the vehicle. Valve stays actuated until the hooks are
fully closed and locked.

(7) Hood down control valve operates when the hooks are
fully closed and locked. Valve stays open until hood is down and locked in
correct position.

(8) Arm extended position leaves all valves in the normal

or deactuated position,
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SECTION XIII

HYDRAULIC-PNEUMATIC SYSTEM

13-1, GENERAL

13-2, The hydraulic-pneumatic system includes all the various pneumatic
and hydraulic supply lines, manual valves and solenoid-controlled valves,
pressure gauges, sintered restrictor orifices, conventional orifices, indi-
cator switches, relief valves, accumulator cylinders, hydraulic actuators,

pneumatic cylinders, and associated hardware (Figure24).

13-3, HYDRAULIC ACCUMULATORS

13-4, A 1/2" hydraulic supply line under a pressure of 1500 psi is opened
manually to allow hydraulic oil to enter a 1/2'" OD stainless steel line leading
to a 5-micron in-line filter located on the accumulator stand (Figure 20 ),
The hydraulic oil passes through this filter and through a check valve be-
yond the filter. The 4~way, 3-position rotary hydraulic actuator supply
valve (A-1835) is in the closed position, and the solenoid-operated hydraulic
accumulator drain valve (A-1827) is also closed; this condition will permit
the charging of the hydraulic accumulators. The hydraulic accumulators
are fitted with two free pistons which serve to separate the hydraulic oil at
the lower end of the cylinders from the 1500 psi GN, which is brought into
the upper end of each hydraulic accumulator cylinder through a 3/4"OD

stainless steel line,
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13.5, INDICATOR SWITCHES

13-6. Each hydraulic accumulator is equipped with a level-control indi-
cator switch which actuates a lamp circuit when the accumulator is full;
this switch is mechanically operated by the accumulator piston. The indi-
cator switches are purged by GN, from the 50 psi GN, supply.

To check the indicator switches, blockhouse personnel actuate a
solenoid-operated valve which opens a 3/8'" OD by-pass line (around the
actuator valve) to the hydraulic return line which is furnished with a de-
celeration orifice and a cam-operated shut-off valve. When the solenoid-
operated valve opens, the hydraulic oil level in the accumulators will lower.
As the oil level in each accumulator drops to the limit level of its indicator
switch, the indicator switch lights go out if they are functioning normally.
The accumulators can now be refilled; the indicator lights will go on when

the accumulators are full.

13-7. SYSTEM PRESSURIZATION

13-8. With the hydraulic oil accumulators filled, the system may now be

pressurized. This is done by manually opening the 1/2" OD stainless steel

line to the 3000 psi pneumatic supply. This GN2 under pressure is admitted
to a 10~-micron in-line filter through a 3/8'" OD stainless steel line in which

a check valve is installed. After passing through the filter and the check

valve, the GN2 at 3000 psi is admitted to a dome-loaded high-flow pressure
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regulator which is set to reduce the 3000 psi pressure to 1500 psi pressure;
associated with this regulator is a relief valve set at 1700 psi. The GN, now
passes through a manually operated valve; associated with this valve is a
solenoid-operated by-pass valve in a 3/8' line.

13-9. PRESSURE INDICATORS

13=10, In a T-connection from the line immediately following the manually
operated valve is a set of two pressure indicators; one of these, the pressure
switch (Al810), indicates by lighting that pressure in the GNZ accumulators
has reached 1300 psi; the other indicator, a transducer (Al1809), gives an
exact and continuous readout of the accumulator pressure between 1000 psi
and 2000 psi. In the line immmediately following this T-connection is another
T-connection carrying the pressure gauge, which shows the pressure in the
GN, accumulators; when these accumulators are pressurized, the pneumatic

side of the free pistons in the hydraulic accumulators is simultaneously

pressurized, The line connecting the two GN2 accumulators is 1/2" OD stainless

steel; the line between the GN, accumulators and the hydraulic accumulators
is 3/4" OD stainless steel as is the line connecting the pneumatic sides of the

hydraulic accumulators.

13-11. ROTARY ACTUATOR CONTROL VALVE

13-12, One l-inch four-way, three-position rotary hydraulic actuator

valve (Al835) is opened manually (for testing) or by air-operated actuators

which are solenoid-valve controlled. This valve has detents in three positions;

flow from part number 1 to port number 2, and flow from port number 3
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to port number 4; flow from port number 1 to port number 4, and flow from
port number 2 to port number 3. These two positions are 90 degrees apart;
a movement of the valve handle manually through 45 degrees will result in the
closing of all ports.

An indicator window on the actuator cylinder body permits visual
checking of the position of the valve piston; this observation reveals the
position of the ball valve.

A shaft stud on the opposite side of the valve body is used for
the attachment of a manual control handle.

13-13. SOLENOID VALVES

13-14. The 750 psi pneumatic supply to the solenoid valves is admitted to the
system from a 1/2" OD stainless steel supply line through a manually operated
valve (A1824). Associated with this manually operated valve is a manually
operated bleed valve (A1823) taken off on a 1/4" OD stainless steel line. GN,
under pressure leaving the manually operated admission valve is led through a
3/8'" OD stainless steel line past a 625 psi pressure switch (indicating the
minimum requirements for operating the air- actuated ball-valve).

13-15. ACTUATOR OPERATION

13-16. When the "extend' button is pressed to operate the solenoid valve

(A1831), the air-operated ball valve (A1835) opens the 1" hydraulic supply
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line to the 1' ports of the rotary hydraulic actuators. Note that the vanes
of the actuator are shown in the retracted position (Figure24), and that the
actuator gearing results in the angular displacements of the vanes and of the
arm being in opposite directions. Hydraulic oil is then admitted to the "B"
side of the vanes under 1500 psi; this pressure, multiplied by the area of the
vanes, produces an actuating force on the keyed shafts which are gear-
connected to the arm. This action extends the arm. When the '"retract"
button is pressed, solenoid valve Al1830 is actuated, the valve ports are
reversed, and hydraulic oil is admitted to the "A" side of the vanes. This
action causes a reverse flow in the lines so that the oil flows to the 1"
return line through the same 1' line through which it was first admitted to the
"B" side of the vanes.

As the arm is extended and retracted, air trapped in the actuators
is bled out through bleed valves (A1843 and Al1844) associated with the actuators
and taken off on 1/4" OD stainless steel lines. Several extensions and
retractions are made for the purpose of bleeding air from the system during the

initial setup. The actuator bearing bleeds have 3/16" ports.

13-17. SHUT-OFF VALVE

13-18. A cam-operated hydraulic return line shut-off valve (A1826) creates
a back-pressure in the return line; the backpressure is gradually applied,

and is proportional to the rise of the cam profile. The purpose of this shut-off
valve is to reduce the angular velocity of the access arm gradually as it is
retracted to the tower, When the cam valve is closed, an in-line restrictor
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(A1865) in a by-pass circuit allows very slight arm motion near the end of
arm retraction travel. An indicator switch on the mechanical arm stop

shows when retraction has been accomplished.

13-19. ACCESS ARM LATCH—-PNEUMATIC SYSTEM

13-20. The C-N2 supply under a pressure of 750 psi is tapped at a 3/8" OD
stainless steel 4-way-cross on the supply side of a manually operated valve
(A1837) leading to the Environmental Chamber control system, and on the
supply side of the solenoid valves (A1830 and A1831) controlling the hydraulic
rotary actuator system. On a signal from the lift-off switch this pressurized
GN, is admitted from the 3/8'" supply line to the 1/4" access arm-latch line
by solenoid valve A1834, which is normally closed. Prior to entering the
arm-latch cylinder, the GN, passes through a 0.0)0-inch restrictor orifice
(A1832), This pressure extends the piston rod which positions the latch

to lock the previously retracted Access Arm. Locking the arm over the
blast-support minimizes deflection and damps vibration which may be in-

troduced as a result of blast effects and aspiration during vehicle flight.

The Arm is not locked back prior to lift-off because emergency

re-extension could be required.

The rod end of the arm-latch cylinder is equipped with a vent,

Al841.
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13-21. EXTENSION PLATFORM - PNEUMATIC SYSTEM
13-22. In the foregoing discussion reference was made to a 3/8' OD
stainless steel cross on the supply side of a manually operated valve
(A1837) in a 3/8'* OD stainless steel line leading to the EC. One branch
from a manifold connection in this 750-psi line leads to the adapter-posit-
ioning-mechanism cylinder, one branch to the hood-adjustment cylinder,
and one branch to the tower-hooks cylinder. The other two branches from
this manifold connection lead to the extension platform cylinder. The
extension platform cylinder is a double-acting cylinder, solenoid controlled
in both extension and retraction; the lines to the head end and the rod end
of this cylinder are equipped with flow-restricting orifices A1854 and A1851
respectively. The solenoid-controlled "extend' valve (A1872) is equipped
with a vent-port check valve (A1873). In the line between the "extend' valve
and the cylinder is a pressure-relief valve (A1849) which is set at 850 psi.
Extension is accomplished by energizing solenoid valve (A1872); vent port
valve (A1871) vents the pressure in the "retract' line. Retraction is ac-
complished by energizing solenoid valve A1870 to pressurize the "retract"
line; vent port valve Al1873 vents the pressure in the "extend' line.
Another branch from the manifold contains a pressure switch (A1847)

which indicates by lighting that the line pressure has reached 625 psi.
13-24. ADAPTER POSITIONING DEVICE ( APD )

Prior to rotating the Apollo Access Arm out to the vehicle, solenoid
valve A1876 will be actuated; this action will have two results: GNj under

750 psi pressure will pass through restriction orifice A1789 to the head ends






of the tower hook cylinders, forcing the pistons, rods, and tower leg hooks

to the ''normally open'' position, and at the same time the GN, will pressurize
the hood vertical-adjustment cylinder, causing the piston, rod and linkage to
maintain the Adapter Hood in the ""normally up'' position,

As the Arm approaches the vehicle, the APD cam bar makes contact
with a LES tower leg; this action will rotate the cam lever upward and energize
switch A1A3 which will then é.ctuate valve (A1874), admitting GN under pres-
sure to the head end of the (normally up) APD cylinder. This will result in
a lowering of the APD until a second cam bar, below the first, contacts
one or both of two LES leg brackets, rotating the second cam lever upward.
This will energize switch (A1A8) which will then actuate valve (A1855), ad-
mitting GNj under pressure to the rod ends of the hook cylinders, causing the
hooks to approach each other. When one hook engages a tower leg, the entire
APD assembly and the second hook continue to move until the second hook
engages the other tower leg. During this closing, the GNj pressurized in
the head ends of the hook cylinders and rod ends of the APD and hood cylinders
will be vented at vent port A1877. The hooks remain engaged with the tower
legs, and the adapter hood seal is in contact with the CM around the hatch
at a predetermined pressure which does not exceed 0.5 psi.

The hook cylinders and the hood cylinder are mechanically locked,
and unpressurized; the APD and Adapter will now follow vehicle motion in

three dimensions.
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SECTION XIV

GOX CONDITIONING MODULE

14-1. GENERAL
14-2. The purpose of the GOX Conditioning Module (57A55A11) is to

provide various pneumatic services to the Environmental Chamber and to
the Apollo Command Module for leak-testing of the astronauts suits and the
CM. See Figure 25
14-3, Oxygen for human consumption is provided the EC and the CM
at a controlled pressure of 125 psi and at a temperature of 45°F, £5°F,
The GOX conditioning moadule system furnishes a pneumatic
signal to the dome of regulator A16004 (located in Oy conditioning unit
6326) to control pressure at the delivery point of the O3 (A16041). Tie
into bank supply, pump and condition unit for supply on Umbilical Tower.
All supply terminates in the module in the EC; portable leak-check testers,
connecting hoses, etc., are supplied by others for the use of the module.
14-4. The conditioning module also furnishes GN2 and GH at a controlled
pressure of 125 psi at the interface (reduced to approximately 5-10 psi
beyond the interface). These two gases are used for leak checking the
capsule prior to precount; a mass spectrometer is used to determine the
rate of leakage.
After this leak check, and after precount, the O2 supply is con-
nected and all joints and fittings are leak checked.
14-5. The system has the capability to provide a cooling medium to

"cold soak'' the interior of the capsule to 55°F. for preflight conditioning.
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To be supplied
(J75M12341)

Figure 25
GOX Module
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SECTION XV
SERVICE LINES
15-1. GENERAL
15-2. Following is a listing of the Apollo Access Arm, Environmental
Chamber, and Command Module service lines, A recapitulation is made

of these lines by size, location, and function.

FLEX LINE
(Or Cable)

LOCATION

FUNCTION

0.75~-inch O3 in
jacketed line

0. 75-inch water -
glycol

0. 25-inch, 50
psi GN2

0.375-inch, 750 psi
GN;,

0. 50-inch, 50 psi
GN,

0.25-inch, 150 psi
He

0. 375-inch O»

0. 75-inch water-
glycol

6. 00-inch Air Duct

30-pin 32-8

4-pin 14 5-2

3 cond #12 MI

harness

To Gox Module
(Box) in EC

To tower end,
jacketed O, line
To top of EC
To top of EC
To top of EC
To GOX Module
To GOX Module

EC end of jacketed
O, line

To EC
To GOX Box in EC

To GOX Box in EC

Mounted on Arm

Mounted on Arm

leak check astronaut
suits and CM

conditioned O2 (coolant

return)

purge valve box distri-

butor in EC

actuator supply

spare

leak check CM along
with O3

sensing line, pressure

conditioned O (coolant

supply)

air conditioning(40#/min., 70°F. )

input/output signals
to GOX Box

AC power to GOX
Box (Temperature
Sensing)

Lights and Receptacle

in EC (ac power)

to supply EC valves,
switches, etc.
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APPENDIX B






PREFACE

The calculations presented in this appendix were prepared during
the design phase of the Apollo Access Arm and Environmental Chamber.
All work is of a preliminary nature and has not been checked. Design loads
changed numerous times due to weight changes. When one of these changes
occured, an investigation of previous work was made to determine if the
structure previously analyzed was still adequate. Unless changes were
required in the structure due to this weight change, no effort was made to
incorporate these changes in the calculations.

These calculations indicate that the Apollo Access Arm and En-
vironmental Chamber meet the design criteria as set forth in the "Prelim-
inary Engineering Report, Apollo Command Module Access Arm, Saturn
I and IB" dated August 5, 1963, and the '"Saturn V Service Arms, Prelim-

inary Engineering Report, Complex 39" dated June 15, 1963.






INDEX

APOLLO ACCESS ARM

Title

LOADS

Basic truss
Floor
Handrail
Hinge
Hinge frame
Hinge pivot
Mounting Plate
Unit deflection and rotation
LOADS
Spacer

APOLLO ACCESS CHAMBER
LOADS

Rollers

Roller Mounting Channel
Basic Frames

Shear Panels

Shear Door

Cylinder Bracket
Chamber Floor

Wall Panel

13
23
25
30
30
50
73
78
84
100

109

121
134
148
169
177
185
190
199






APOLLO EXTENSION PLATFORM

Title

LOADS

Platform Floor

Vertical Frame

Actuator Panel

Bracket Weldment

Folding Curtains

Curtain Track

Vertical Curtain and Housing
e Adapter

Adapter Housing
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LOADS COMPLEX 39 CONDITION NO 2

FLATFOPM EXTENDS 2£.425 IN FRoM FRoONT

PrLLERS, AAC2iieRATION  OF PLATEGK M EQUALS
ZERPO, FONE 1S .3 oty T SibE . AND
Tel. MEN Al ON  THAT .ot AS CLOLE
TOGE THVILR AL PoTiamul Tihe by RULED

CriFMINEL  ON THAT  2iDE \< LETICAL. ASIUME

wWT OF EvTENDRED PAORTY T PLAT TORM s
63 % " FOYAL wWrT. AESRW T CLrlbe L S
42 IN. FROM ROLLEWw <, AT UMmE &3 L OF WT.

OF BELLOWS AND MIQ CARLES ALSO ACTS

THE UG THAT POINT.
FOPCES (WITHOUT LOAD FACTORZ)
PorTion FELT  BY  CRITICAL
, CHANNEL
ROLLERS
o \\m, VERTICAL INERTIA
i ,
‘ . 86-18") - *
~-—--{|0r~— | | 750(—8?—) = 594 o
) 8"__ Pl ; - . - =0l L3).s) = 158" O
T s | f 2150062 5) = 47.28" o
PO T  ROLLERS
s 18 { / 4- e CeS) = 1897 Q
O s
f
_ 5- 3 (%) T A50* 0
[—— 42.- 45.505 4 >
- z200(Fe-367\ = 11477
G- 2 J(?—C‘J) 7 0]
~— T79.9 -~ =~

ke 105,426 —
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APOLLO ACCESS CHAMBER
LOADS COMPLEX 39 CONDITION NO. 3
(JUST BEFORE LATCHING TO MiSSiwe)
PLATFQRM EXTENDS 95425 |IN. FROM FRONT
ROLLERS. ACCELERATION OF PLATFCRM IS ZERO.
HOOD 15 &3 IN. TO ONE SIDE, AND NO MEN
ARE ON  THE PLATFGRM. THE LATCHING DEVICE
B IS 54.5 IN. FROM FRLNT  EDGE OF PLATFORM AND
TS WT. |8 S§S0 LBS. ALSUME WT  OF EXTENDED
PAPY OF PLAMIFORM 1S 63 % OF TOTAL WT.
AND TS CENTROD 1S 42 IN. FROM ROLLERS.
— ASSUME L3% OF WT, OF BRELOWS AND MisC.
CARLES ALSO ANTS THROUGH THAT POINT.
FORCES (WITHOUT LOAD FACTORS)
ROLLERS -POET|9M FELY BY CrRiTiICAL
- CHANNE L
® 'S —
| VERTICAL INERTIA
Bb-36.7 -
{ 2,3,4 l " SSO(T = 315 0
. - & - - - "
&___f__ﬁ‘ 2- 50(.L3).5) = 158 0
6.3 ROLLERS 3- 1500 63X.5) =47.3" 0
-
le— 42 —wle—-45E,
42 45. 25“' 5- 300 (.5) =150% 0
- -26.7\ . *
A 200(%..7)414.7 0
-L———os-4z5
fo——— 105.425
P 149.525
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APOLLO ACCESS CHAMBER

LOADS MAXIMUM  MOMENT ON CRITICAL CHANNEL:
COMPLEX 34, 37 CONDITION NO. |

M= 534 (21.0)(3)+ (S +28+\08) (2 02) + (1504100 S56.6)X2)
+[z (200.1) 4 2_0'1.:](88.5)- 21T (4ENB) - (0.9 75 2 45.5)(2)
- asts{70)2) - nslanz)

-9 5870 - 22,100 - /0350

M= 198617 N-LBS

COMPLEX 34 37 CONDITION NG, 2

M

1

594 (351)(3) + (o541 28.5 + na)(22)2) +(1s0+109){eo.L)(2)

1

©2,500 + 8,520 + 3,400

102,420 IN- LBS

COMPLEX 39 CONDITION NO. |

M

L]

26 (bb.6)(3) + N12.51 31.5 +150)(31)2) + (150 +11Y76.L)(2)
+[389.1(2) +85.0)E8.5)- 85.6 (48X2) - (0.3 +30.8 Yd5.5)(2)
- 6.3 (7002) - LE&.S4Ss)2)

£
1]

/64,350 ~ 30,850

LS
"

234,100 IN- LBS
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APOLLO ACCESS CHAMBER
LOADS MAXIMUM MOMENT ON CRATICAL CHANNEL:
i
COMPLEX &8 CONDITION NO. 2

M= 504(79.9)(3) + (15.8 +t47.3 +189) (42)(2)
+(50 + na1)( 105 a)(2)

M= 142,300 + 21,200 + E5, 800

M= 219,300 IN-LBS

COMPLEX 39 CONDITION NO. 3

M= 3150149.9)(2) 4+ (15.8147.3 + 189)(42)(2)
+ (150 + 14.1)(105.4)(2)

M= 94,400 + 21,200 + 55 800

M= 171,400 IN-LBS
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APOLLO ACCESS CHAMBER
DEFLECTICN DERIVATION OF EQUATIONS:
tP
TTTTIILITILIT LT N U |
i \ . K PL_
Y"A : .b B ,-JR g
; oo BA
oL < E
s X
SEAMENT A SEGMENT B
M— = ~E£_ 1’}{\! - —Dp“xl
L1 T £ BLT
s . Px? ‘ . - PAX
e = 2 J + [ e. ZB;I + C,g
$ _ 3
ay = (DDEI + C_.)( + o, A‘ = gé’é‘l + ng, b C.4
BCUNDARY  CONDITIONS:
- XA, L0 2- X, =0, A =0
2+ 8lia = O)x-e 4- X B, A =0
- b3
¢ - —PAB Al
=T 2E7
- PA° PA’E
Cos 37 *oaEs
PAE
Cy GET
Cq= C
AT  X=0O .
. PA® . PNB
b= FT ¢ =
g - - bAE _ PH
3] 2ET
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APGLLO ACCESS CHAMBER
DEFLECTION DERIVATION OF EQUATIONS:
(= ,
tR, ‘ F’l R\ = R1 = _MBS_
A o= -B -
= L |

M . M
EI EI
- MeX ¢
o EL
= Mo ;
4 zep "~ %
BOUNDARY
- X=A, A:=Q
Z- eqx=A - QJ
- Mo
G EI 3E1
. _MoA MoAB
" 2EI 3ET
AT X =0
A M. A" M.AB
2EI 3T

SEGMENT A

SEGMENT B

M
ET
8,
+ Cq A,
CONDITIONS :
2- x,=0,
X\=B 4‘ X\=5}
. MeB
Cs GEI
Cﬁ: O

"

. = MeX,
’_Ms.&: + C’S
2BEI
3
E%f% + CaX 1 Cq

4,

L, =0
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APOLLO ACCESSE CHAMBELR

DEFLECTION COMPLEX 34,37 CONDITION NO. |\
a= N A, pae | |Pae | mA |y, MeA' | Mae  REF P 226
ZFI ZET 3E1 2T 2E1 7el

A‘ =

T
. {46 6)
+ (1270 + o) ==
( °)5ET

-nsms)}{f%" 4

A= (12 25 4 T 45 4 2103 4+ | RO 4
f
L3 54 o .O
+ 7 .,§/ ET
[
- 9 5 A= __l()
A& - (1221 ) ET
I RESISTING DEFLECTION =
E OF ALUMINUM = 10!
. _ 12.24
v & = 11.2)
A = 298 INCH

3
29, = ' 5"3 5'-‘) ;r. 9:.-
i?—‘li-l-ll_su (z1.1+ 33.4) + --;LL—EI (cearo33)I5.5

(q- e -
+(D+28 4 108)-;‘?%1— (27+33.4) 4 [%1’¢’46.a -y ;_](4.4._._42::; 27)

(4. +33.4; + 272.7(:0) Qoll , 2725 (ol

+{(‘30()"}’5H.5) - 207.5(48) - (2.2 1 78.8)(45.5)-121.5(70)

1S.98 + 2.2 ¢ 1.4}

41.21  REF. B 240
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APOLLO ACCESS CHAMB ER
DEFLECTION COMPLEX 34, 37 CONDITION NO. 2

A= pas N PA'B PAB
3ET 3ET | 3EI

41.21

A= .1%] INCHES

Y ZElI

REF. P 226

pA MoA'  M.AB
]‘Q Y Zer Y ser

_ 594(35.1)" 594(35.1)
A= =T (35.14 82.4) + [ CEL (66B8ri1053)[15.5
za
+(9:5428.5+114) (z.w 22.4) + [%Z'E—(;f‘—) (Ge.a+s4ﬂ(50.t.-2.8)
+ (150 + 169) oLl st 33.4) + zse(uo)_‘ée_) + 2500 {50.LY334)
SEI AET
[
A = (u,.—to $9.27 ¥ 2444242+ 18,55 + 532+ 1.46) T
L
10
= (54.18) —
A =(54.18) =
I RESISTING DEFLECTION = 4).21I REF. P 240
E OF ALuminum = 10’
. a e S48
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DRAWING OR JOB TITLE
APOLLC ACCESS PLATFORM
DEFLECTION COMPLEX 39 CONDITION  NO. |
A s N _PA* | PAE [Pre PA’ 4 M.AT MoAB EF R 220
= + + . ) Z
Z_ €T 28I | 3El | 2EI ZEI ~  BEl BEE B
2 (Ge. ) - o (37)’
&= T (s6.¢ +45.2)+ 1254 515 1 150) e (27 +45.5)
200(%1) .. lar g leet) 4
+-|:—Z-EI——' {(o1+ lll)]((.(..b- 21) + (150 167"—3—5' (6@-&*45-5)
) (Ll %) 3 (GG L4 S)
CEio) e ANTEN 2£9.71(83.
427 (0) el o) ETH + 2.1(83.5)
- 856045 - (1031 30.8) 47.5 - L1.5(10) - 98.5(45)1
(o) | Lbb)das i
~EI 581
b = (\o'»' 5+ LEd v T 57 4 52,60 + 1.04 + 320
v 06782 10
T ET
S o
& = (,( ‘et T
T RESISTING TDEFLECTION = 41.2) REF. P 240
E OF ALUMINUM = \Q'
A
L - 41.2)
A = 75 INCHES
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APOLLG ACCESS CHAMBER
DEFLECTION " COMPLEX 39 CONDITION  NO. 2
N\ pa®  paB PAB  PA Mo A M.AB
&= dex e *[351 *zex]’q ZET | 3E REF P 226
594(72.9)") . . 594(79.9)(45.5)  594(199)
R (79.c>+49.5)+[ Er r 2155
(42)° 252.1(42)
+ (15.8+47.34 |3‘))3—EI—(42+45.5)+[(’EI (9|+ 126)|53.4
| (95.4) (95.4)
t (150 + i14.7) ETh: (95.4+ 45.5) + 2L4.7(10) >t
(95.4)(45.5)
1 264.7010) S ET

A- <I58.6 + 40201 12.97 ¥ 20.42 + 113.20 + |2.00

* to
+ 3.93)—;91—

A

a:(361.21)

I RESISTING DEFLECTION = 4).2) REFE P 240
E ofF AwWMINUN = 0O
2. 12
A= a1.21
A = 832 INCHES
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DRAWING NO.OR ITEM

APOLLO ACCESS CHAMBER
DEFLECTION COMPLEX 39 CONDITION  NO. 3
_; PA  PAE [PAB  va') MoA  McAB
b= 3E1 | 3EI ’[321 Tzer)” TozEr ' EeT REF. B 226
550(9%.4)" v sralsasier 4y,
220 (et gs. 5 4 L. 2
A I (901 45.5) + e (286.2 + 21)
o A . . 2520 (A7) ,
+(15.8+ 47.% 4 “"9)3!1 (424 45.¢) + [—5—1—— (o1 + IZ\O)] 53.4
. C(eE) L L9584 4 |
+ (1504 14 7) N (85 4+ 45.5) + 24700 23 (28¢.2 + o)
A =(.255.oo F 16220 412.97 + 20.42 4+ 113.20
=~ ) Iob
+ 1% kgc) 01
b
N 10
A = (560.01) T
I RESTING DEFLECTION = 41.2 EF. R 240
E of ALUMINUM = 10
B6.0Q6
& - a1.2]
A= 1.3 \NCHES
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APOLLO ACCESS CHAMBER

SECTIONAL PROPERTIES

EXTRUDED CHATINEL .

l-- .45
b |
815 R
6.00C 4 ] (’)O
/ {
e
/ |
1!
—r e 45

MOMENT OF INLRTIA: (ASSUME ALL  CORNERS

Y
1

EHARP)

e = 96 IN.

I= 2(28)(45) - + 2045)(2.8X2.775)" + .45(e)*L + 200y
I=27717 N4
SHEAR CENTER: (ASSUME EXTRUSION HAS NO EFFEQT)
e. oot | @.20 -.225)(6.0-.45) (. 45)
T 4r B 4(22.79)
REF. PoPOV
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APOLLQ ACCESS CHAMBER
MATE RIAL
EXTRUDED CHANNEL - 7075 -T5511 PER QQ-A-277
Fro = 82,000  PLi
Fey = 73,070 P
Fau= 45 GJ00 0 FOI
Fey= 42,000 P
Feuw.= 12, 00C B
Vuake= V220,000 ot
SKIN - T07< - Te
Fiy = 6,000 Pl
Fer = 3“;‘: [FI0Ne Py
Zil SECTICY Qo HEP
Fiy = 35,000 2.
Fer = 20,000 PS)
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Sopris  AecEss Crampee
LXTRUDED CHANNEL

FronT fowee (Comprex 39)

ASSUME THE LeAD /5 OVER & SPAN 0F f s BND FEEDS
Swcex or #5°

AESSUME THE LORO FCTs 2 /mw ovT <ARom WEB ¢F CHANAEL

= /4825 /b,

M=/‘6925(Z): 27,450/4."/15, .
/ 2.0
_ 44
7= —4—‘ é¢ &

/Z

_./..,7_- __.\ii?_c..) —ZZ,Saofﬁl,

U= T Ta
r= -'.z- (‘Lé'?'i) =3 5{&/«:/. N~ NEGLIGIRLE
Locaz »&Emomf m WEB T~
7= J—ég”l =. 0425 & S
M, (2205)4,926 = /500 .=t 2225 J"”S)C 5o

_Me _ Lisen((225) _ p s
o= "F = Vize - 5940 P
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Lyrruvgp  Cwmnues

7= /4 3’25{2.225—.%): /E750 m- G
J-: éfézl:s = ,338 .°

K =3T = sosd w*

G X 3.7(")6/0/4‘

BEndive  STRESN
M= F (45 525)= 7432 8 (45.525)
M= 470 000 sn.- /4,

Me _ 478400 (3)

£, = [B-0CN1’= 73 500 ps,

o Svckiinvg Nor CRITICAL

&= 2L = 20875%) . U

0”_2- 27 79 = 07520 P37
Bvek rine oF LEG
%= <22 = 5.4
= =57 =,
’k}’, JE. 32  B=87.8  D=.859

y= 6L, = 3,6(/4)‘(0/42).45 = 24700 ps,
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ArPorey Access Chamser
ExTrvoep  CHANNEL
Jorml STeESS
24 900
o —— o -0
24 100 L
= S‘b,?so .{
24940
é—r\- Z" - 25‘375‘
2= = 44.5°
B =235 = 354 00
oz 44.5< )

U7 =38,600 + 25,3187 £4978 ps.
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Arrsp  Aecess CwamBER

_EXTRUDED  CHARNNEL

Mprew oF Sersry

LBEND/NG OF L/P  WHICH ROLLERS RoLL oN

MG = Lo _j= - _tzz7
22,300 R E—
LOoCRL BENOING /& WESB
— 73 ee0 — R
= L= - - . —
M5, 57400 / 1 +.23

TORSION AND LBEADING OF CHANVNE L

S Zdtes o R
M.S = L2~ = t.20
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Araio Afecass Cuwomgse }

LxTrvoed L HANNEL
Krar HRowwer (Compiex 34 #37)

A= 9300 /b (1080 on LiP DUE TO RoLLER)

Mz L5 = 182 = 7249, ~-L

g = __{;_/_VI{__ = é.c-——‘zjf) = /7 800 P31,

Mooy o5 SAFETY

_ L Zvo0 _,_ -
M-S'—m /_ I+3-/0
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APOLLO Access CHAMBER
SECTIONAL PROPERTIES
AL LUML DEFLECTION e Re tSTED =Y
EXTRUDLD  CHANNELS , HALF OF TOP kN,
EFFL TIVE  MIDTH OF  BOTTOM  SKIN | AND
FouR Zkt L ECTIONS . THEN THe T
PREVENTING  TDErLECTION OF  THE  CR'TICAL
CHANNE L 1S —
LT85
~ 1:247) RLF P 233 Feer . 165 % 2 165 %5-‘
Ji Aol - .40
i = T Ty Feep = 22 KSI
60 [ - "
|
t s __,Lig'?7 -J W= .83t -E— =47 IN
=t il ~ | ¢
WeW,  2W W -
812 =.94 =.94 W= b2t f= = .342 IN.
[
-1 2.5
7:&!= 2.98 IN. A= .55
z
[ = 24.3 + &670.37)° + 2(2.55) + 2¢22)(.37)°
b o0e2E(20.5)(2.66)" + 021 (817 1.94 +.94)( 3.59)
I = 4.2 1w
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29,200

APOLLO ACCESS CHAMBER
STRESS
ASSUME EXTRUDED CHANNEL RESISTS
ENTIRE LOAD.
(M“‘ = M;Al Y
234,000 (3)
24 3]
Canx = 29,200 Psj|
MARGIN c_)f SAFETY
0 I.50
M, s_ YiLp - 1'34_99._. | = — —— |
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APQOLLCG ACCE LY CHAMBER EXTENSION EAR
LOADS
A~
L
/l
/
A R NG
T T OF  THY FOCRIE
Fo— i APPLIED 2 Tk
‘ VEHIOLE 59 LoimeTe L
‘, FEFORL  RLACHING
e THE  EATENSION B
J
oo N oy !
CoboLt =4, 7 Conn o) K | RtF. P 219
L0zt e no2 81y 4 per(e)y (41
R, - sutazilo) 4 zoo@NGE) v 2s0 ()
= 430 LEL.
AN ’)"f'" a7 <
Pu = [ocrzonz] S = 1100 LBS.
Mo = L106(88B.5) + T80(45) = 132400 IN-LBS
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CHAMBER EXTENSION EAR

SKETCH

~ 0625 SKIN

/— .05 STIFFENERS
Vi

;|
= T T T T
o =l . /"‘“ - '
17 T }[ i
|4 F B S — -
VLo S ,
R B e = =
45 : |
NN NUR et hemmea = =
[ i i
- y e
6.5 }'
6L 2.128 ;
|
.'///(s ;
EXTRUDED CHANNEL |
|
o4
P 233 Wi
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APOLLO ACCESS CHAMBER EXTENSION EAR )
LOADS COMPLEX 34, 37 CONDITION NO. | ;
oo™
4
|
|
Lo -
’pu
- - <--f’91 930" M« ~—4—Gp'> M
wy .
132,400 $M‘ |
}--w-— 38.25 - |« '
I
THIE LOADS  FELT AT THE FoINT WHERE
THE EXTENSION  EAR CONNECTIS TO THE
PLATFOKWM  ARE
pn = “C’O LE_J
pv = 930 LBL‘:
Mx =132 400 IN-LBS
My = 35520 IN-LES
Mz = 42,000 IN-LRS
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APOLLO ACCESS CHAMPBER EXTENSION EAR
LOADS COMPLEX 329 CONDITION NO.
REF. P 22|
|
|
R, /
M, <— <485 M H_Pvg) s
» ~,ﬂ ] * M! <)
My /
/
e cps
r,;
L/ 86-14.2 86-14.2
Py = 1260 LRS
. 8G-14.2
Py = [(389.7)(2) 1 85.6) (T)
Pi = 722 LBRS.
Mc = 1260(54) + T722(88.5)
Mx = 131900 IN-LBS
My = 1260 (28.25)
My = 48,200 IN-LBS
M, - 722(38.25)
M2 = 27,600 IN-LBS.
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APGCL.O ACCESS CHAMBER EXTENSION  EAR
MATERIAL

CHANNELS - &6Qwl - Tk
Fry = 25,000 P3S)
Fev = 20,000  PS|
SKIN - 10715 -Te6
Faor - ©6,500 PLI

Foe o 38,700 vl

FAOVELD - MSLZCA/ L ADLD

Fre - 18 000 T
S A N S
Poy - L0106 LBS  (ALLUMLD)

CLIP ANGLEDS - 2004 - T4

Fiv = 44 .27 S
Fey = 39 5.4 P
Fey - 25 00O P&

CLIP ANGLEL - GLOLI - TG

Fre = 35,0¢C0  Psi
Fer = 20,000 PSI
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APOLLO ACCESS CHAMBER EXTENSION EAR )
SECTIONAL PROPERTIES
CROZI - SECTIOI OF EXTENSION EAK
AT POINT OF CONNECTION TO AN R

LARZSE RWET - A= 1105
SMALL RIVETS - A= 0276

ASDUME ONLY  THE CONTINUOUS
AND THE CUP ANGLE WHICH
THE OPPOSITE  CHANNEL
BENDING  MOMENTS.

s o [l N _
> ° ™y 1.5
X — — — X
[ ] "] S It
1le o :J . 1125 8625
~ | e L
"43"# iSTezz] 45 [ 3a71] 2737 TS
SHEAR 1S TRANSFERELD BY CROCS - MATCLILD
AREAS. TOTAL AREA = 3.105 IN?

CHANNEL - I,=92007 , I,=.581, A= 1.809, X:.456

CHANNEL
CONNECLTS
RESIST THE
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DRAWING OR JOB TITLE

DRAWING NO.OR ITEM
APOLLO ACCESS CRAMBER EXTENSION EAR

SECTIONAL PROPERTIES

ASDUME My e RECISTED ENTIRELY

BY A CCUPLE BETWEEN TOP  AND
2OTTOM SKIN. ALSO ASSUME THE
ARZA OF TOP SKIN IN  TENSION
EQUALS THE EFFECTIVE AREA IN

COMPRESSION ON THE RBOTTON. COLPLF

Forces = M
6
| R N N
r:—‘—f T BE 77 ‘_::‘!F;
I
My
- JL l‘»ri‘J &l LJ
Wk R It Rt Wl = W
F 65 = - 1 652
Cer . t P2 0elE
- 19.4
Fooo = 37000 PSI
W = .85t £ . 8. 0625) o'
T e R oYY 37000
W= .87T5 N
E
W, = .b2t
Fe
W, = .640 IN.
EFFECTIVE AREA IN COMPRESSION = (BW + 2W,)t

- T-SRISK
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DRAWING OR JOB TITLE DRAWING NO.OR ITEM
APOLLO ACCESS CHAMBER EXTENSION EAR
SECTIONAL PROPERTIES
ASSUME Mg \S RESISTED ENTIRELY
BY A COUPLE BETWEEN THE CONTINUOUS
CHANNEL AND A SEGMENT OF TOP AND
ROTTOM T KIN.
M2z
—o‘ I-— W+W, = |.515
o - T
: |
l
_ —— |
|
—.l i I-—W+W.= 1.515
| 6.5 I
~ - - - _ Me
COUPLE FORCES = ™
EFFECTIVE AREA OF SKIN
IN COMPRESSION = .0625(2X1-515)
= .182 |N*t
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DRAWING OR JOB TITLE DRAWING NO.OR ITEM
APOLLO ACCESS CHAMBER EXTENSION  EAR
STRESS ONLY MAXIMUNW STRESSES GIVEN
SHEARING STREST N SKING
T, T ZA\‘j. 2R, 1 2B, 4 LAg g
.3 T I ) i )
L ST BRI Aeoomt g g anag
p. 132,400 g4 g0 T A
2.(18)(6)(.0625)
1- 9,800 PS\.
t b
L / . = _
ALLOWABLE: Fye, KE(b) 2 LEF PEERY
W [ 0625 ‘
Fao, = 5.100)( 225 )
Fsar = 10,000 PSI
NORMAL &TRESS 1IN &KIN: (MAX  CCMPRESSIVE)
I'D, p! B
6= AT,
€ = £500 42,000
T 6(.58) (168K 189)
§= 1,400 4 13450 = 24,850 PsI
- : 3 | Les S
ALLOWARRLE Fe o A o 1.65_0‘025
= 19.4
Feer = 37,000 PSI
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DRAWING OR JOB TITLE
APOLLO

g

DRAWING NO.OR ITEM )

ACCESS CHAMBE R EXTENSION EAR
STRESS
SHEAR N CLIP ANGLE  RWETS:
TORQUE (M)  TAKEN BY sKkIN = 9,800 (18).06:5)b)
= 66,000 IN-LED
REMAINING  TORGUE 1S TAKEN BY
4 CLIP  ANGLE RiWETS  SHEAR  DUE TO P
AND P, 1S ALSO  TAKEN RY  RIWVETS
RY N - 2
RESULTANT  SHEAR =/@) ,(—;-’ X '32;(0'2 5)“'000)
PER  RIWET - ’ '
ps = 63-3 LBS
MARGINS OF SAFETY
SKIN:
c _ oo oy oo ].02
M S, 5500 " |
27,000 49
3 , 908 _ e -
M.S.v 24650
CLIP ANGLE RWETS!
2,106 . [2.33
M Sy = oo b oe e
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OSTIFFENE R

FIAVE

SIMEBLY

APOLLO ACCESS CHRMBER PLATFORM FLOOR
LOADS !
THREE  MEN ARE  ALLOWED ON THE  PLATFORM
AT ONE TIME.  ASSUME  THAT  THEY STAND
TWELVE  INCHES APARY A LINE  For:
Tt MAXIMIUMY  LOADT ON  THE STIFFLNERS
ALy AT AME S THAY THREE TPANSVERST
STIFFNERS TAvE 60 “  GF  THE  LUAD,
WITH  ONE LONGITUDINAL STIFF L NER .,
TAKINC  THt PEMAINING 40 /6. ADSUME

SUPPORTED ENDSC

L

(e 3-5\]"'{3"_ f-tn

163

e———— 86
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DRAWING OR JOB TITLE DRAWING NO.OR ITEM
APOLLO ACCESS CHAMBE £ PLATFORM  FLOOR
LOADS :

THE CRITICAL TRANS VERSE STIFFENER
WOULD HAVE THE FOLLOWING LOAD:

O /o (7T50) = 450 LBS.

450 + 2(£)450 = 630"

r3,5 315"

oo 86 | —_—

MAXIMUM  MOMENT OCCURS AT
MID- SPAN.

Mumax. = 2i15(42) = 15, SOO IN-LBS.

THE CRATICAL LONGITUDINAL STIFFENER
HIAS THE FOLLOWING LOAD.

40°% (750) = 300 LBS.

B0* 300”  300*

ofef e

f450 . 450"

MAXIMUM  MOMENT OCCURS AT MID-SPAN

Mwmax = 450(8!1.5)- 300(12) = 33,100 IN-LBS.
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DRAWING OR JOB TIiTLE DRAWING NO.OR ITEM
APOLLO ACCESS CHAMBER PLATFORM FLOOR
LOADS:
TO CHECK SHEAR TEAR OF FLOCR SKIN
S TUME A MAN'S WEIGHT 15
APPLIED ON A TwWO INCH  AIDIH.
Ol | 5'
Y
] = 750 LC
i: GT V=7 LE
o
TO  2:EeK SHEAR IN WERB OF
ATIFFENER ASSUME A CONCENTRATED
LOF D EXRUAL T0 20C0 LBS. TH S
1S  THE MAGNAITUDE O©OF THE REACTION
AT THE END OoF THE CR\TICAL LONGITUDINAL
STIFFENEPR For THE CARTING SHOWN.
750 150" 150%
,[ i ]
CH0 | .
2 f-ta,-wz-'-—/z ™ - — /BB —- -‘ 250
4 RIVETS DIA. = .1875 |N.

AREA = 0276 IN!

COMBINED AREA = . 1104 IN?
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DRAWING NO.CR ITEM

CLIP ANGLE

S—— &06i-Tb

APOLLO ACLESS CHRMBER PLATFORM  FLOOR
MATERIAL:
SKIN —— T7075-T¢é
Fro = 17,000 PSI
Fry = 66,000 PSI
Fsu = 46,000 PSI
Fsy = 38,000 PS|
STIFFENERS —— 6061 - T6
Fra = 42, 000 PSI
Frvy = 35,000 PSI
Fsu = 27,000 PSi
Favy = 20, 000 P3\
R\WETS —  21\71 - T4
Fiu = 38,000 PSI
Fry = 18,2C0 pPsi
Psu = ©77 LbS
Psy = S8 tes.  (ASSUMED)
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DRAWING NO.OR ITEM

DRAWING OR JOB TITLE
PLATFORM FLOOR

APOLLO

ACCESS CHAMBER

SECTIONAL PROPERTIES

ZEE STIFFENERS:

Nolgvie ]
x [ - S U U )(
6

_L:'_QE;‘%5 ?“t J
25 J —~frob-

03125

EFFCCTIVE WIDTH OF CKIiN (ud)

REF PEERY

E
w = .5515\/?c

2 = 248 ; F o= 36,000

.S =
t

L) = . 708

A0) = 1.6

ASSUME 2.29 IN. OF BOTTOM  OGKIN ACTS IN TENSION.

I, = .Qh;%_ﬁ_(g_)j + z[n(.oezs)(z.ev)'] + z[.zs(.oazs)(z.a: